Summary. Twelve 
Introduction
Polar trophoblast (Rauber's layer) overlying the inner cell mass of the blastocyst is not lost in most primates or in common laboratory rodents, and in the mouse may even be augmented by cells from the inner cell mass (Cruz & Pedersen, 1985) . This layer is commonly lost, however, in carnivores, ungulates, and in other species that have large blastocysts and amnion formation by folding (Mossman, 1937; Hamilton & Mossman, 1972) .
Mórulas can be collected from the oviduct of the horse as late as 5-5 days after ovulation, and blastocysts can be found in the uterus at about this same time . Although no cellular attachment to the endometrium occurs until the girdle cells invade the endometrium to form the endometrial cups on Day 37 (Allen et al, 1973) , blastocysts usually remain in the same region after Day 15, as visualized by repeated ultrasonography (Ginther, 1983) . Consequently, from Day 6 through Day 14, the blastocyst can be recovered from the uterus by non-surgical methods (Oguri & Tsutsumi, 1972) . It has proved possible to use such recovery followed by transfer of embryos to produce successful pregnancy both in normal mares (Imel et al, 1981) and in ovariectomized progesterone-treated mares (Hinrichs et al, 1987) . The blastocyst not only expands rapidly during this time (Van Niekerk & Allen, 1975) , but is able to synthesize oestrogens (Heap et al, 1982; Goff et al, 1983) . Early in this preimplantation period, the zona pellucida is replaced by an acellular capsule, which varies both in ultrastructure (Flood, 1975; Flood et al, 1982) and in antigenic properties (Bousquet et al, 1987) from the zona pellucida. Van Niekerk & Allen (1975) reported, from a series of intact and sectioned blastocysts, that the polar trophoblast of the horse blastocyst disappeared between Day 9 and Day 14 of pregnancy. Betteridge et al (1982) have provided data on the increase in size of the conceptus during the first 3 weeks of gestation, Betteridge & Guillomot (1982) studied the preattached horse embryo by scanning electron microscopy (Enders & Liu, 1987 To demonstrate the capacity of trophoblast for pinocytosis of proteins, two exogenous tracers, cationized ferritin and horseradish peroxidase, were used. One intact blastocyst (1-5 mm) and a portion of trophoblast of one blastocyst (3-7 mm) were incubated before fixation in cationized ferritin (CF; Miles Laboratories, Naperville, IL) at a concen¬ tration of 1 mg/ml in Earle's basic salt solution (EBSS) for 10 and 20 min. These tissues were rinsed, then fixed and processed for transmission electron microscopy (TEM) as above. Three intact blastocysts (1-2 mm) and portions of trophoblast from 3 blastocysts (3-7, 10 and 20 mm) were incubated in horseradish peroxidase (HRP, Type VI; Sigma, St Louis, MO) at a concentration of 1 mg/ml in EBSS for 10-20 min. After aldehyde fixation, this tissue was incubated in diaminobenzidine medium for 10 min to demonstrate the peroxidase activity, rinsed in distilled water, post-fixed in 1% osmium tetroxide and processed for TEM as described above.
Representative thick sections were obtained until the inner cell mass (ICM) was encountered; then thin sections were made and examined in a Philips 400 or 410 or a Zeiss 10 electron microscope.
Portions of all of the larger blastocysts (3-7-20 mm) were fixed in aldehyde fixative, post-fixed in osmium, dehydrated in acetone and critical-point dried. Tissues were placed on aluminium stubs, then gold coated and examined in a Philips 501 scanning electron microscope.
Results

Summary ofblastocyst development during loss ofpolar trophoblast
The blastocyst obtained on Day 7 was 0-4 mm in diameter; the three from Day 8 measured 1 0, 10 and 1-5 mm; those from Day 9 were 20, 2-0 and 3 0; those from Day 10 were 3-7 and 40; and those from Day 11 were 4-5 and 80 mm. Consequently, during the period between Day 7 and Day 11, the blastocyst doubled in diameter every 24 h while remaining largely spherical. Subsequently, the blastocysts became elongated, and the diameter (10 mm and 20 mm) was no longer an accurate measure of size increase. The size increases recorded here fit well with published sizes during these stages . Horse blastocysts of < 1 mm in diameter had a small discoidal inner cell mass (ICM) with a simple covering of low cuboidal trophoblast. Discontinuities appeared in the polar trophoblast during the 1-2 mm stage, and the trophoblast cells became progressively isolated and scattered during the 2-mm stage. Subsequently, only a few trophoblast cells were found over the broadly discoidal ICM, and signs of ingestion of cell material became abundant.
Stage of intact polar trophoblast
The ICM of the early blastocyst (0-4 mm) consisted of a small flattened disc of cells within the spherical blastocyst, and was composed of undifferentiated epiblast cells underlain by a layer of endoderm (hypoblast) (Fig. 1 ) . The ICM was covered by a layer of trophoblast, the polar trophoblast (Rauber's layer), which was continuous with the mural trophoblast that surrounded the blastocyst cavity. Superficial to the trophoblast was a uniform acellular membrane, the capsule. Short remnants of the zona pellucida were present on the surface of the capsule of the smallest blastocyst. Small patches of basal laminar material were found subjacent to the epiblast and the mural trophoblast on the interior of the blastocyst. No such accumulations of granular material appeared between the polar trophoblast and epiblast, and these two layers were closely apposed, with the border taking an undulating course as the epiblast conformed to the fusiform outline of the trophoblast cells. The endodermal layer, both where it underlay the epiblast to form the visceral endoderm and where it extended beyond the ICM forming the parietal (mural) endoderm, was loosely associated with the overlying epiblast and trophoblast, and lacked any evidence of a basal lamina.
Polar trophoblast formed a continuous epithelial layer composed of dense, somewhat irregular cells that were generally thicker in the perinuclear region (Fig. 1 ) . The basal surfaces of the trophoblast cells were closely associated with underlying ICM cells with little intervening intercellular space. Polar trophoblast cells contained characteristic large apical vacuoles, coated pits and vesicles, numerous microvilli and polyribosomes. Although these polar trophoblast cells were low cuboidal or occasionally peg-shaped, they were cytologically similar to the mural trophoblast cells as described by Flood et al (1982) .
The large pale cells of the ICM contained a euchromatin-rich nucleus, which in turn enclosed large dense nucleoli. The ICM varied from 1 to 2 cells thick, with no obvious orientation or cellular polarization, and the cells were closely apposed except for small pockets of intercellular space into which numerous microvilli intruded. Polyribosomes were more abundant free in the cytoplasm than in association with short strands of granular endoplasmic reticulum. A few lipid droplets were present.
Initial disruption ofpolar trophoblast
In blastocysts > 1 mm in diameter, the most noted change was the rounding up of the epiblast cells (Fig. 2) . The darker polar trophoblast cells were closely adherent to the underlying epiblast cells of the ICM, resulting in a highly irregular border and a peg-shaped outline to many of the trophoblast cells. Furthermore, some of the polar trophoblast cells had processes that not only projected basally between adjacent epiblast cells but extended to the general basal level of the epiblast, giving the latter an interrupted appearance. Close examination revealed that some of the epiblast cells reached the surface of the blastocyst between polar trophoblast cells, producing the first disruption of this layer (Fig. 3) . Where such epiblast cells reached the surface, they shared apical junctional complexes with the adjacent polar trophoblast cells, but usually had fewer microvilli than did trophoblast cells and largely lacked vacuoles (Fig. 4) .
Junctional complexes were found between epiblast cells, including apparent tight junctions, gap junctions and punctate desmosomes at various levels throughout the epiblast. The epiblast cells were quite closely associated with one another except in the areas of pockets of microvilli (Fig. 5) . mitosis. For at least 2 days after polar trophoblast cells became isolated (Days 9 and 10), most of these cells appeared quite healthy. However, the cells developed large irregular homogeneous granules in addition to vacuoles (Fig. 6) . The granular endoplasmic reticulum, both in scattered polar trophoblast cells and in mural trophoblast, was abundant and appeared as characteristic strands with a beaded appearance, perhaps indicative of arrays of fenestrated cisternae. The epiblast portion of the ICM increased in thickness not only by elongation of some individual cells but by increased cell numbers, resulting in irregular bilaminar and multilaminar regions within the ICM (Fig. 7) . The basal lamina of the epiblast remained as discontinuous patches of flocculent material, and there was no evidence that the endoderm had a basal lamina.
Disappearance and fate ofpolar trophoblast cells
During subsequent development of the blastocyst the ICM, while continuing to grow, also developed a large number of dense inclusions (Fig. 8) . Some of the polar trophoblast cells on the surface of the ICM appeared quite healthy, but others showed evidence of deterioration such as swelling of the endoplasmic reticulum and coalescence of some of the vacuoles (Fig. 9) . Their apical outlines became quite irregular. Often these cells appeared to be undergoing degeneration, with nuclear pycnosis and excessive vacuolation. Cell divisions continued to be found in the epiblast, but (Fig. 10) . Although the Fig. 9 (10-20 min) showed that the large clear vacuoles of the mural and polar trophoblast cells were rimmed with reaction product, indicating that the peroxidase had been transferred from coated pits and tubules to these vacuoles, which were therefore part of the endocytic apparatus (Fig. 11) . The membrane-bound granules did not contain reaction product in either cell type. Polar trophoblast cells, including individual cells and clusters, were endocytic until at least Day 10, but no ICM regions from blastocysts larger than 4 mm were examined by tracer methods. 
Discussion
In the pig, the polar trophoblast (Rauber's layer) is complete when the blastocyst is 1 mm in diameter, but the inner cell mass is largely uncovered by the 3 or 4 mm stage (Giesert et al, 1982; Stroband et al, 1984) . The scanning micrographs presented by the authors cited show that, when the polar trophoblast becomes discontinuous, it withdraws as a coherent group of cells, progressively exposing an expanding circular area of underlying epiblast cells. Occasional groups of trophoblast cells are left as temporarily intruding strands connected both to one another and to the peripheral ring of cells. Similarly, in the spotted skunk, the polar trophoblast becomes flattened before disruption, then subsequently forms a thick flange ringing the periphery of the ICM as the epiblast becomes exposed during preimplantation development (Enders et al., 1986 ). Although the method of exposure of the epiblast in the cat is not known precisely, the appearance of the ICM and adjacent trophoblast after loss of Rauber's layer (Day \0p.c, Denker et al, 1978) During the time that the polar trophoblast becomes discontinuous over the ICM, and conse¬ quently appears to be falling behind in cell replication, the blastocyst is increasing in size in a linear fashion . The increase in size is not a result of increase in area occupied by individual mural trophoblast cells, since these cells remain cuboidal to columnar even in the largest blastocyst. Consequently, the failure of the polar trophoblast to remain an intact expanding cell layer can be considered to be a result of trophoblast response to the underlying ICM. That the ICM can influence the overlying cells has been demonstrated experimentally by Gardner (1983) , in relationship to inhibition of giant cell formation and stimulation of mitotic activity of mural trophoblast cells. Given & Weitlauf (1981 also demonstrated that the ICM has an apparent effect on DNA synthesis during blastocyst activation after delayed implantation and in vitro. These authors found that, in the activated mouse blastocyst, the trophoblast cells in closest association with the ICM were the earliest to incorporate thymidine. A reverse effect might be postulated for the ICM of the horse blastocyst at this stage, which may diminish the rate of replication of polar trophoblast cells.
